ABSTRACT Chicken muscle ,B-actinin is considered to be one ofthe "true" myofibrillar components due to its specific binding to isolated myofibrils. Surprisingly, the direct comparison of this muscle protein with serum albumin, both isolated from chicken, showed that they behaved identically under several electrophoretic conditions. Furthermore, immunoreplica gels and doubleimmunodiffusion tests with antibodies prepared against 3-actinin established the serological identity of both proteins. No significant differences were found by circular dichroic spectroscopy or in amino acid composition. In addition, the amino-terminal sequences of both proteins were identical (H2N-Asp-Ala-Glu-HisLys-Ser-Glu-Ile-Ala-His-Arg-Tyr-Asn-Asp-Leu-). Combined, these results strongly indicate that, muscle ,B-actinin and serum albumin are similar, if not identical.
There is a class ofminor myofibrillar components called actinins which were originally thought to be structurally related to actin (1, 2) . Later, however, it became apparent that the physicochemical properties of the purified proteins were clearly different from those ofactin. Nevertheless, the name "actinin" has been retained because these proteins appear to interact directly with actin itself. At present, three different actinins, a, 13, and y, have been described (3) (4) (5) (6) (7) (8) (9) .
Among these, the status of,-actinin is the least clear, and two (ifnot three) proteins are currently designated as such. Two monomeric and possibly homologous proteins with molecular weights of60,000 and 65,000 have been isolated from rabbit and chicken muscle, respectively (10, 11) . A third, dimeric protein (subunit molecular weights of 37,000 and 34,000), also designated ,3-actinin, was subsequently described by Maruyama et al. (12) . Its relationship to the monomeric /3-actinin(s) is not understood and will therefore not be considered.
Localization of the monomeric form(s) from both rabbit and chicken by indirect immunofluorescence revealed a strong and specific binding to the I region of isolated myofibrils (10, 11) and suggested involvement in the myofibrillar structure. Ultrastructural analysis more precisely demonstrated that the chicken protein was specifically oriented in two parallel stripes running transversely across the muscle fiber at the end of the thick filament-i.e., at the A/I junction (unpublished observation).
In this work we present some unexpected results that indicate similarity (ifnot identity) ofthe structural muscle ,3-actinin with serum albumin. Both components, isolated from chicken, were found to be indistinguishable by electrophoresis in the presence or absence of NaDodSO4; their spectral properties, amino-terminal sequences, and immunological properties were also the same.
MATERIALS AND METHODS
Proteins. Rabbit skeletal muscle actin, chicken ,3-actinin, and rabbit antibodies against chicken 13-actinin were prepared as described (11, (13) (14) (15) . Serum albumin from chicken was obtained from Sigma.
Polyacrylamide Gel Electrophoresis. This was performed in the absence (16) or the presence of NaDodSO4 (17) . Two-dimensional gel electrophoresis was done according to O'Farrell (18) , with 2% (vol/vol) Ampholines (LKB), pH 5-7. Gels were stained with Coomassie brilliant blue R. Immunoreplica gel studies were performed according to ref. 19. Amino-Terminal Sequences. The amino acid sequences were automatically determined with a Beckman sequencer model 890B (updated), with 4-N,N-dimethylaminoazobenzene 4'-isothiocyanate as described (20) . The thiohydantoin amino acid derivatives were identified by high-performance liquid chromatography and indirectly by amino acid analyses after HCl/SnCl2 hydrolysis (21) . Circular Dichroism. Muscle 83-actinin and serum albumin were analyzed in a Roussel-Jouan dichrometer from 330 nm to 205 nm at 5YC. Protein concentrations were determined spectrophotometrically at 279 nm, with E"m = 5.5 + 0.3 (SEM) for both proteins. The extinction coefficients were calculated from three colorimetric determinations ofconcentration (Lowry procedure, microbiuret procedure, and densitometry of the band stained with Coomassie blue after polyacrylamide gel electrophoresis in the presence of NaDodSO4). Bovine serum albumin and rabbit muscle actin were used as reference proteins. Circular dichroism measurements were made at 1-2 mg/ml with a 1-cm path length in the near UV and at 0.15-0.4 mg/ml with a 0.1-cm path length in the far UV. Buffers were either 50 mM potassium phosphate or 1 mM Tris-HCl, both at pH 7.2, supplemented with 0.5 mM 2-mercaptoethanol.
Actin Polymerization-Depolymerization Studies. The effect of,-actinin on actin polymerization was followed either by sedimentation or by viscosimetry. Possible depolymerization of actin by /3-actinin was evaluated by sedimentation.
Sedimentation studies. G-actin (0.1 mg/ml) in 1mM Tris-HCV/ 0.2 mM CaCl/0.2 mM ATP/0.5 mM 2-mercaptoethanol, pH 7.2, was mixed with ,B-actinin in the same medium in molar ratios of 1:1, 1:5, L:10, and 1:15. After 10 min at room temperature, KC1 and MgCl2 were added to a final concentration of 100 mM and 1 mM, respectively. After incubation for 30 min, the samples were centrifuged at 100,000 x g for 3 hr. The absorbance differences (A20 -A. and A2 -A3w) of the proteins remaining in the supernatant were determined, and the percentage of polymerization was calculated from the ratio of absorbances before and after centrifugation. To test the influence of 3-actinin on actin depolymerization, F-actin in 100 mM KCI/
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1 mM MgCl2/2 mM Tris'HCl/0.2 mM ATP/0.5 mM 2-mercaptoethanol, pH 7.2, was mixed with /-actinin at the same ratios as given above. After 30 min at room temperature, centrifugation and absorbance measurements were similarly performed. Blanks were made with G-actin, F-actin, and /3-actinin separately treated as above.
Viscosity studies. Mixtures of G-actin (0.1 mg/ml) and /3-actinin, molar ratio 1:15, or G-actin (0.3 mg/ml) and f8-actinin, molar ratio 1:6, were equilibrated at room temperature and poured into a 3-ml Ostwald viscosimeter (flow time ofwater, 66 sec). Polymerization was induced by adding KC1 to 100 mM and MgCl2 to 2 mM. Flow times were determined until repetitive measurements remained constant. Relative viscosity was calculated from the formula 71reI = ts/tb, in which ts is the flow time for the solution and tb is the flow time for the buffer.
RESULTS
Electrophoretic Identity of Muscle .8-Actinin and Serum Albumin. 83-Actinin and serum albumin, both isolated from chicken, had the same electrophoretic mobility in polyacrylamide gels in the absence ofNaDodSO4, demonstrating identical charge (Fig. 1, lanes d-f) . In the presence of NaDodSO4, both proteins traveled as single bands with identical molecular weights of65,000 (Fig. 1, lanes a-c) .
Analysis of 3-actinin and serum albumin ( Fig. 2 a and c ) and an equal mixture of both (Fig. 2b) by high-resolution two-dimensional electrophoresis (18) revealed identical migration properties. Additionally, the same microheterogeneity, as shown by three closely spaced protein spots all with isoelectric points (in urea) in the range of6.1, was observed.
Immunological Identity of .8-Actinin and Serum Albumin.
The specificity of the anti-f3-actinin was demonstrated by the Ouchterlony test and by immunoelectrophoresis against the homogeneous antigen, crude muscle extracts, and possible contaminating proteins (11) . In all cases, only a single precipitin line against the homologous antigen was observed. Furthermore, the immunoreplica gels (Fig. 3) demonstrate that anti-,3-actinin reacts equally well with its antigen (Fig. 3, lanes b and f) as with serum albumin (Fig. 3, lanes c and g) . In an EDTA extract of muscle (Fig. 3, lanes a and e) (Fig. 4) or against chicken albumin (not shown). In both cases, single precipitin lines (with no spurs) that formed between the antiserum and the antigen and between the antiserum and the serum albumin from chicken demonstrated serological identity ofboth proteins. There was no crossreactivity with rat ,B-actinin (Fig. 4, (27) and 54% for bovine albumin (28) .
Amino Acid Compositions and Amino-Terminal Sequences.
As shown in Table 1 , the amino acid compositions of muscle , ( actinin and serum albumin were essentially identical. They both Tyr   Phe   Total   45  13  24  57  21  34  83  26  25  42  35  16  30  39  18  28   536   49  14  28  57  19  27  84  27  24  41  36  17  30  38  17  29   537 had essentially the same amount of methionine, known to be exceptionally high in chicken serum albumin, roughly 4 times that of other albumins (29) . Automatic Edman degradations performed on approximately 50 nmol of both chicken 1-actinin and albumin gave identical amino termini for the first 15 amino acids (Asp-Ala-Glu-His-Lys-Ser-Glu-Ile-Ala-His-Arg-Tyr-AsnAsp-Leu-). These results agree with the 10-residue amino terminus of chicken albumin found by Blakeney (29) .
DISCUSSION
The results presented here demonstrate that the monomeric muscle protein with a M, of 65,000, formerly designated 3-actinin, is indistinguishable in size, charge, antigenicity, and amino acid sequence at the amino terminus from serum albumin. Moreover, their amino acid compositions are similar and their circular dichroic spectra in the far and the near UV are nearly identical. The circular dichroic properties are, in turn, very similar to those of other serum albumins (27, 28, 30, 31) .
Thus, these results show that P-actinin and serum albumin have numerous primary and secondary structural features in common. Obviously, the existence of a specific muscle form of albumin, perhaps differing only in a few amino acid residues, cannot be excluded. Final proof that the monomeric chicken f8-actinin and serum albumin are identical would, however, require the full elucidation of their primary sequences.
Under our experimental conditions, /8-actinin and albumin have no effect on polymerization and depolymerization ofactin. A similar result has been reported by Norberg et al. (32) when actin was polymerized in the presence of human albumin.
Earlier localization studies (10, 11) , as well as the biochemical results presented here, indicate a specific binding of a small but significant amount of -actinin/albumin to the myofibrillar structure, a result similar to that obtained for several other proteins (33) (34) (35) (36) (37) (38) . An electron microscopic investigation (unpublished data) showed the localization of/3-actinin and albumin at the end ofthe thick filament (A/I junction), indicating a possible interaction with myosin rather than with actin. This view is further supported by the presence of a related protein in highly purified myosin preparations containing other proteins [i.e., C or M proteins (or both)] that are well-known structural muscle components that strongly interact with myosin in vitro (39, 40) .
The mode ofassociation of(-actinin with the myofibrils is unknown. Serum albumin interacts with metals, drugs, and metabolites (e.g., bilirubin and lipids), but it has not been found to interact directly with other proteins (for review, see ref. 41 ).
The most obvious explanation seems to be that 3-actinin (or albumin) is derived from the blood vessels surrounding the muscle fibers rather than from the muscle tissue itself. Recent results, however, indicate that this protein is present only within the muscle fibers and may even be synthesized in the muscle tissue. This is based on (i) an immunocytochemical analysis on cryostat sections ofchicken muscle, (ii) immunofluorescence studies on myogenic cell cultures, and (iii) experiments performed according to Fulks et al. (42) demonstrating the incorporation of ['4C]leucine into a protein electrophoretically similar to albumin (unpublished data).
We conclude from our results that the monomeric muscle protein from chicken with M, 65,000, formerly named /-actinin, is most likely albumin (or a highly homologous protein thereof), which not only is present in muscle fibers but also appears to be a constituent ofthe myofibrillar structure. The functional significance of such binding to myofibrils is not clear.
